Nucleotide sequences from 94 individuals representing the Oryzomys palustris complex (O. palustris and O. couesi) were examined to assess phylogenetic relationships and taxonomic boundaries. Sequence data from the entire mitochondrial cytochrome-b (Cytb; 1,143 base pairs [bp]), a portion of exon 1 of the nuclear interphotoreceptor retinoid-binding protein (1,266 bp), and intron 2 of the alcohol dehydrogenase 1 (580 bp) genes were analyzed using phylogenetic methods (maximum parsimony and Bayesian inference). In the Cytb analysis, individuals recognized as O. palustris and O. couesi formed reciprocally monophyletic clades supporting their recognition as species; however, additional phylogenetically informative groups were present within each of the 2 nominate clades. In addition, levels of genetic divergence within the currently recognized taxa exceeded values normally associated with intraspecies variation. Together, the phylogenetic and genetic divergence data imply that consideration should be given to recognizing 4 additional species in this complex.
differences in morphology of the X chromosome, and no apparent intergradation with palustris. Hall (1981 Hall ( :1179 agreed, indicating that his initial material was not adequate and that further studies were needed to address levels of intergradation in couesi and palustris. Schmidt and Engstrom (1994) contended that sampling by Benson and Gehlbach (1979) was flawed and that the karyotypic data were not sufficiently consistent to be used as diagnostic characters. However, Schmidt and Engstrom (1994) did concur that 2 species should be recognized based on electrophoretic data gathered from samples obtained from an area of sympatry in southern Texas and northern Tamaulipas, Mexico.
The 1st goal of this study was to use nucleotide sequence data to evaluate the assertions of Benson and Gehlbach (1979) and Schmidt and Engstrom (1994) that couesi and palustris should be recognized as separate species. Although it generally is accepted that couesi and palustris are unique species Carleton 1993, 2005; Weksler 2003 Weksler , 2006 Weksler et al. 2006) , no study has used DNA sequence data specifically to evaluate this hypothesis. The 2nd goal was to examine genetic and karyologic variability within the geographic distributions of the 2 taxa. Although many studies have examined palustris and couesi in the eastern and southern United States (Benson and Gehlbach 1979; Hamilton 1955; Humphrey and Setzer 1989; Schmidt and Engstrom 1994; Spitzer and Lazell 1978) , little is known about populations, subspecies, or related taxa in Mexico or Central America. At least 26 taxa have been proposed from Central America (Bole 1937; Burt 1934; Goldman 1912; Merriam 1901; Murie 1932) at the level of species or subspecies. Two of these (nelsoni and penninsulae) are believed to be extinct, and 1 (fulgens) is enigmatic in that the type locality is unclear, and the type specimen has not been adequately aligned with any other member of this group (Carleton and Arroyo-Cabrales 2009) . Of the remaining 23 taxa, 7 were described as subspecies (apatelius, aztecus, lambi, molestus, peragrus, pinicola, and rufinus), leaving 16 taxa originally described as species and contained within O. couesi. Of those 16, samples were included from at, or near, the type locality of 10. With the addition of all 6 of the named taxa for palustris, 16 of the 22 taxa putatively affiliated with couesi (16) and palustris (6) were examined.
Nucleotide sequence data were obtained from 3 independent gene regions (mitochondrial protein coding gene, nuclear exon, and nuclear intron). First, the mitochondrial cytochrome-b gene (Cytb) was examined throughout the geographic ranges of populations assigned to couesi and palustris. This gene has been used successfully to assess species-level relationships in Oryzomyini genera (Bonvicino and Moreira 2001; Langguth and Bonvicino 2002; Myers et al. 1995) . Second, to control for biases generally associated with mitochondrial DNA sequences (Avise 1994; Hillis et al. 1996; Prychitko and Moore 2000) , a portion of exon I of the nuclear interphotoreceptor retinoid-binding protein gene (Rbp3) and intron 2 of the alcohol dehydrogenase 1 gene (Adh1-I2) were examined from a subset of individuals (n 5 29) represented in the Cytb data set. These gene regions have been used to examine relationships within Sigmodontinae and Oryzomyini (Amman et al. 2006; D'Elia 2003; Longhofer and Bradley 2006; Weksler 2003 Weksler , 2006 , and should be useful in offsetting any biases in the mitochondrial data and in providing resolution at mid-and deeper-level nodes. Finally, karyotypes of 23 individuals of O. couesi from western and eastern Mexico and from Honduras were compared to examine chromosomal differences between populations.
MATERIALS AND METHODS
Samples.-Tissue samples for 48 individuals of O. couesi and 46 individuals of O. palustris were collected from natural populations, following methods approved by the American Society of Mammalogists Animal Care and Use Committee (Gannon et al. 2007 ), the Texas Tech Animal Care and Use Committee, and the University of Miami Animal Care and Use Committee. Samples also were borrowed from museum collections (Appendix I; Fig. 1 ). For each taxon as many subspecies as possible were sampled (10 of 16 for couesi and 6 of 6 for palustris) with multiple individuals in most taxa: O. c. aquaticus (n 5 4), O. c. azuerensis (n 5 2), O. c. bulleri (n 5 1), O. c. couesi (n 5 9), O. c. cozumalae (n 5 1), O. c. goldmani (n 5 5), O. c. mexicanus (n 5 9), O. c. richardsoni (n 5 5), O. c. teapensis (n 5 6), O. c. zygomaticus (n 5 6), O. p. coloratus (n 5 3), O. p. natator (n 5 2), O. p. palustris (n 5 14), O. p. sanibeli (n 5 3), O. p. planirostris (n 5 2), and O. p. texensis (n 5 22).
DNA extraction, polymerase chain reaction amplification, and sequencing.-Genomic DNA was isolated from approxi- Amplicons were purified using a QIAquick PCR purification kit (Qiagen, Inc., Valencia, California) or ExoSap-IT enzymes (USB Corp., Cleveland, Ohio). Polymerase chain reaction amplicons then were sequenced using ABI Prism Big Dye Terminator v3.1 ready reaction mix (Applied Biosystems) and an ABI 3100-Avant or ABI 3730 automated sequencer (Applied Biosystems). Polymerase chain reaction primers were used in conjunction with internal primers for cycle sequencing: Cytb-OL14841, CMTCATGATGAAACTTC-GATC; O400R (Hanson and Bradley 2008) ; O400R*, CY-CCTCAGAATGATATTTGTCATGG; F1 (Whiting et al. 2003) ; O550R, ACTARRGCTGTRATAATAAATGG; O700H*, GGAAATATCATTCTGGTTTAATRTGTGC; O870R (Hanson and Bradley 2008); 700L (Peppers and Bradley 2000) ; and MVZ04 and MVZ45 (Smith and Patton 1993) ; Rbp3-A (Jansa and Voss 2000); 395R, TGACCACCAGTACATTGCC-GAAGA; and D2 and E2 (Weksler 2003) ; Adh1-I2-410F, 350F, and 410R (Amman et al. 2006) . Sequencing consisted of 95uC (30 s) denaturing, 50uC (20 s) annealing, and 60uC (4 min) extension. After 30-40 cycles, reactions were purified using Edge Biosystems columns (Gaithersburg, Maryland) and precipitated in isopropanol. Sequencher 4.1.4 software (Gene Codes, Ann Arbor, Michigan) was used to align and proof nucleotide sequences, and chromatograms were examined to resolve any discrepancies and to inspect sequences for heterozygous sites. MEGA4 software (Tamura et al. 2007 ) was used to check for stop codons and the presence of pseudogenes. DNA sequences were deposited in GenBank and accession numbers are listed in Appendix I; alignments were deposited in Treebase under accession number S2514.
Karyotyping.-Karyotypes were obtained from 23 individuals of O. couesi (Appendix I) following the methods described by Baker et al. (2003) . At least 10 metaphase spreads from each individual were photographed with an Applied Imaging camera (Applied Imaging Systems, San Jose, California). These spreads were captured and arranged into karyograms using the Genus System 3.7 from Applied Imaging Systems and enhanced with Image Pro Plus 4.5.1 22 (Media Cybernetics, Inc., Bethesda, Maryland). Diploid numbers (2n) were recorded for all 23 individuals, and fundamental numbers (FN) were recorded for 13 individuals.
Data analyses.-Sequence data were evaluated in 3 steps using Holochilus sciureus, Melanomys chrysomelas, Sigmodontomys alfari, Nectomys squamipes, and Aegialomys xanthaeolus as outgroup taxa in all analyses. Additionally, Melanomys caliginosus and Nectomys apicalis were used as benchmark species for comparisons of genetic distances. These taxa were selected based on results of molecular studies by Weksler (2003 Weksler ( , 2006 in which they formed a monophyletic group sister to the O. palustris complex within the Oryzomyini. Cytb sequences were analyzed using maximumparsimony and Bayesian inference methods. For parsimony analyses all nucleotide positions were treated as equally weighted, unordered, discrete characters with 4 possible states: A, C, G, and T. Uninformative characters were excluded, and optimal trees were estimated using the heuristic search method with tree-bisection-reconnection branch-swapping and stepwise addition sequence options in the software package PAUP* version 4.0b10 (Swofford 2002) . Nodal support of topologies was estimated using heuristic bootstrapping (Felsenstein 1985) with 100 iterations. The software MrModeltest (Nylander 2004 ) was used to estimate the most appropriate model of evolution (GTR+I+G) to be included in the Bayesian analysis performed in MRBAYES version 3.1.2 (Ronquist and Huelsenbeck 2003) with sequences partitioned by codon using site-specific gamma distribution allowing for invariable sites, and the following options: 4 Markov chains, 10 million generations, and sample frequency every 1,000th generation. The first 1,000 trees were discarded as burn-in based on stabilization of likelihood scores, and a consensus tree (50% majority rule) was constructed from the remaining trees using PAUP* (Swofford 2002) . Nodal support (clade probability values) for topologies was inferred using clade probabilities estimated with MRBAYES 3.1.2 (Ronquist and Huelsenbeck 2003) .
Individuals (n 5 29) representing members of major clades (identified in the parsimony and Bayesian analyses of the Cytb data) were selected and the Rbp3 gene sequenced. Rbp3 sequences were analyzed using the parsimony methods and outgroups described above. Heterozygous sites were desig-nated using the IUB polymorphic code. In the Bayesian analysis sequences were partitioned by codon, and the GTR+I+G model was run under the same conditions as the Cytb Bayesian analysis.
Individuals sequenced for Rbp3 also were sequenced for Adh1-I2. Adh1-I2 sequences were analyzed using the parsimony methods and outgroups as described above, except bases were not partitioned; however, gaps were coded as phylogenetically informative using FastGap (Borchsenius 2007) following the conservative method outlined in Simmons and Ochoterena (2000) . Heterozygous sites were designated using the IUB polymorphic code. In the Bayesian analysis the GTR+G model was used under the same conditions as the Cytb and Rbp3 analyses.
A combined 3-gene data set for 29 individuals was analyzed using BEST 2.3 (Liu 2008) . The data were partitioned by gene, and the respective model was applied to each genetic data set and run with the following options: 4 Markov chains, 60 million generations, and a sample frequency every 1,000th generation. The mitochondrial data were designated as haploid, and an annealing process was used during the initial 20% of generations. The initial 30,000 trees were discarded as burn-in, and a majority rule consensus tree was constructed using the remaining trees. In addition, pairwise genetic distances were estimated using Cytb data under the Kimura 2-parameter model of evolution (Kimura 1980) . Average genetic distances were estimated for selected clades, and values were used to infer levels of genetic divergence between taxonomic groups. Comparisons of genetic distances between M. caliginosus and M. chrysomelas and between N. apicalis and N. squamipes were used as benchmarks for evaluating levels of genetic divergence between and within O. palustris and O. couesi following the rationale outlined in Bradley and Baker (2001) and Baker and Bradley (2006) .
RESULTS
Nucleotide sequences from the Cytb gene were obtained from 94 individuals of O. couesi and O. palustris. Comparison of nucleotide substitutions revealed that transitions were 4.1 times more common than transversions. In the parsimony analysis 251 informative characters were used to generate a tree with the following characteristics: length 5 1,002 steps, consistency index 5 0.4022, and retention index 5 0.8998. Both the parsimony and Bayesian analyses (Fig. 2, with bootstrap values for parsimony) revealed 2 major clades labeled clade I and II. Clade I contained individuals referable to O. palustris, and clade II contained those referable to O. couesi. Within clade I, 2 minor clades (A and B) were estimated. Clade A contained samples from Alabama, Florida, South Carolina, and Virginia, whereas clade B included samples from Arkansas, Mississippi, Louisiana, Tennessee, Texas, Oklahoma, and Mexico, including specimens that were assignable to O. p. palustris (Tennessee and Mississippi). Within clade II, 4 minor clades (C-F) were estimated. Clade C contained samples from southern and western Mexico (Chiapas, Colima, Jalisco, Michoacán, Nayarit, and Oaxaca) and El Salvador, and clade D was composed of samples from Texas, eastern Mexico, Guatemala, Honduras, and Nicaragua. Clades E and F were composed of samples from Panama and Costa Rica, respectively. All major and minor clades had strong (90-100%) bootstrap support and were supported with posterior probabilities . 95%.
Nucleotide sequences for the Rbp3 gene from 29 individuals of Oryzomys were analyzed using parsimony and Bayesian methods. Comparison of nucleotide substitutions revealed that transitions were 2.0 times more common than transversions. Parsimony analysis of 1,266 bp of Rbp3 used 17 informative characters to generate a tree with the following characteristics: length 5 75 steps, consistency index 5 0.4533, and retention index 5 0.6555. A maximum-parsimony tree (not shown but with bootstrap values depicted in Fig. 3 ) contained both major clades (I and II) and 2 of the minor clades (E and F) estimated in the Cytb analyses. Bootstrap support was low (60-75%) to moderate (76-90%) for the major clades, and high (91-100%) for the 2 minor clades. Although 4 of the minor clades (A, B, C, and D) were not inferred, the Bayesian analysis for Rbp3 estimated support for clade I and for minor clades E and F (Fig. 3) .
Nucleotide sequences for the Adh1-I2 gene from the same 29 individuals sequenced for Rbp3 were analyzed using parsimony and Bayesian methods. Parsimony analysis of 580 bp of Adh1-I2 used 32 informative characters to generate a tree with the following characteristics: length 5 56 steps, consistency index 5 0.7500, and retention index 5 0.9451. A maximum-parsimony tree (not shown but with bootstrap values depicted in Fig. 4 ) contained a clade comprised exclusively of individuals from clade II, including a supported minor clade E; and a clade (I9) that contained all individuals from clade I depicted in Fig. 2 , minor clade F, and a clade (C9) composed of 4 individuals from the clade C depicted in Fig. 2 . Bootstrap support was low (60-75%) for the clade containing clade I individuals and minor clade F and high (91-100%) for clades I9, II, C9, and E. Although 4 of the minor clades (A, B, C, and D) were not inferred, the Bayesian analysis for Adh1-I2 estimated support for clades I9 and II and minor clades C9, E, and F (Fig. 4) . Two individuals in clade C9 were collected at the same locality (Playa de Oro, Colima, Mexico) as an individual contained in clade II. Comparisons of Adh1-I2 sequences revealed that the individuals in clade C9 showed a palustris-like sequence at positions 93, 107, 126 , 168, 171, 172, 173, 175, 180, 355, and 358 , including a deletion at 144, and a couesi-like insertion at positions 58-61. In addition, the individuals in clade C9 shared unique bases at positions 119, 136, 137, and 200.
To account for the gene heterogeneity found when comparing the 3 respective gene trees, a Bayesian estimate of species tree (BEST) analysis was performed to estimate a species tree independent of the individual gene trees. This analysis recovered a monophyletic Oryzomys (Fig. 5) . It also recovered a clade (clade II9) composed of the clade II depicted in Fig. 2 minus minor clade F, plus a supported clade I. The relationships between clades I, II9, and F were unresolved, as were the relationships between clades C, D, and E. However, in contrast to the Adh1-I2 gene tree, the species tree did recover clade C within clade II9.
Mean genetic distances for Cytb (Table 1) were estimated using the Kimura 2-parameter model of evolution (Kimura 1980) . The mean genetic distance within clades ranged from 0.65% (clade B) to 2.06% (clade C), whereas values between clades ranged from 4.41% (C and D) to 12.6% (E and F). Genetic distances between species used as benchmarks (M. caliginosus-chrysomelas and N. apicalis-squamipes) were 7.48% and 7.52%, respectively.
Comparision of karyotypes from 23 individuals from Mexico (eastern and western) and Honduras revealed 2n 5 56 and from 13 individuals FN 5 56-58. No detectable differences in karyotypes were identified respective to geographic origin or taxonomic assignment. In karyotyped specimens from both Mexico and Honduras the X chromosome was either acrocentric or subtelocentric. However, individuals collected in central Honduras had a much more pronounced arm in their subtelocentric X.
DISCUSSION
The DNA sequences obtained from the Cytb, Rbp3, and Adh1-I2 data sets produced somewhat similar topologies. O. palustris and O. couesi formed reciprocally monophyletic groups in the Cytb and Rbp3 analyses and supported previous hypotheses for species-level designations of these 2 taxa (Benson and Gehlbach 1979; Musser and Carleton 2005; Schmidt and Engstrom 1994; Weksler 2003 Weksler , 2006 Weksler et al. 2006) . Unfortunately, the nuclear markers did not exhibit sufficient genetic variation to provide resolution of most of the clades observed in the Cytb phylogeny. This was expected based on the number of phylogenetically informative characters in the different data sets (Cytb-299, Rbp3-31, and Adh1-I2-40). Additionally, all 3 markers showed gene tree heterogeneity, which would have led to inappropriate violations of the assumptions under typical concatenation. However, the BEST analysis was performed to account for this gene tree heterogeneity, branch length heterogeneity, and deep coalescence (Brito and Edwards 2009; Liu 2008; Liu et al. 2008) and supported the biogeographic subdivisions described below. In addition to the reciprocal monophyly, the genetic distance between O. couesi and palustris (11.3%), coupled with the apparent lack of evidence of hybridization or introgression in the small zone of sympatry (Schmidt and Engstrom 1994) , provides additional support for recognition of 2 species. However, values of genetic divergence between minor clades and strong support for those clades within (Fig. 2 ) and the BEST analysis (Fig. 5) , O. palustris formed 2 unique genetic groups, with the 1st containing the subspecies coloratus, palustris, sanibeli, and planirostris (clade A) and the 2nd containing the subspecies texensis and western individuals of palustris (clade B). The genetic difference between clade A and B (6.05%) is comparable to those between currently recognized species within Melanomys and Nectomys (7.48% and 7.52%), arguing for the possible existence of 2 genetic species following the criteria outlined by Baker and Bradley (2006) . Additionally, a sample from northwestern Alabama (MSB81543, clade A) and a sample from eastern Mississippi (MSB81544, clade B), collected less than 97 km from each other, were placed in different clades and differed by a sequence divergence of 6.2% indicating a major genetic subdivision over a relatively small geographic distance.
Two taxonomic options are available for taxa in clades A and B. First, they can be recognized as a single species (O. palustris), which would follow the current taxonomy. The 2nd option would be to recognize the 2 clades as separate species. Under this scenario, clades A and B correspond to taxonomic entities recognized by Goldman (1918) . The type specimen of O. palustris is from New Jersey (Harlan 1837) and presumably is represented by members of clade A, providing an appropriate name for specimens included in clade A. If members of clade B represent a species distinct from O. palustris, then O. texensis (Allen 1894 ) is the only available name.
Other lines of evidence in addition to the genetic data provided herein support the recognition of 2 species (palustris and texensis). First, Goldman (1918) initially described texensis based on it having a narrower skull than other subspecies of palustris. Second, Humphrey and Setzer (1989) were able to assign texensis to populations unique from the other specimens sampled based on a number of cranial measurements. Third, a phenetic analysis of allele frequency data (Schmidt and Engstrom 1994) depicted 2 well-differentiated clades (Texas and Georgia, respectively) with nearly fixed differences at 3 loci (SOD2 [superoxide dismutase EC#1.15.1.1], IDH1 [isocitrate dehydrogenase EC#1.1.1.42], and ADA [adenosine deaminase EC#3.5.4.4]). Although their sampling scheme was not designed to examine geographic variation, an eastern and western subdivision is apparent in the allozyme data.
The Apalachicola River has been suggested as a barrier to gene flow in other vertebrate organisms such as salamanders and pocket gophers (Avise 1992; Sudman et al. 2006 ) and initially was thought by the authors to serve a similar purpose in respect to Oryzomys. However, samples from both sides of the river (ANNERR and SJBP in Appendix I) were included in the taxonomic sampling, and both populations grouped in clade A. Although no obvious geographical barrier is apparent, potential geographic barriers exist in eastern Mississippi and northwestern Alabama and include the southeastern reaches of the Appalachian Mountains and the Tombigbee-Alabama and Tennessee rivers. Alternatively, the 2 species may represent populations that diverged in Pleistocene glacial refugia and have recently reexpanded their ranges. More detailed studies are required to determine the geographic limits of the 2 species and whether they hybridize. Another observation depicted by the genetic data is that the samples from eastern Mississippi and Tennessee extend the range limit of texensis east and north of that proposed by Hall (1981) by approximately 150 km, which illustrates the need for further sampling to determine the degree of genetic structure in the subspecies of the eastern United States. Similar to the situation described for O. palustris, specimens corresponding to O. couesi (clade II) formed wellsupported clades (C-F). Additionally, genetic distances between clades C, D, E, and F supported the recognition of 4 unique genetic phylogroups within clade II. Four potential taxonomic options are available for couesi, resulting in the recognition of 1, 2, 3, or 4 species. Under the 1st option members of clades C, D, E, and F would be included in a single species (O. couesi) that ranges from southern Texas to northern Colombia. The 2nd option would be to recognize members of clade F (specimens from Costa Rica) as a species and retain members of clades C, D, and E under couesi. The 3rd option would be to recognize members of clades E (Panama) and F (Costa Rica) as separate species and restrict members of clades C and D to couesi. A 4th option would be to recognize members of clades C, E, and F as 3 separate species and restrict members of clade D to couesi.
Clade C was composed of specimens from western and southern Mexico and El Salvador, whereas clade D contained specimens from southern Texas, the eastern coast of Mexico, Honduras, and Nicaragua (including the type locality of couesi). The genetic distance between clades C and D (4.5%) was less than distances reported in other species comparisons. Additionally, no fixed karyotypic difference was detectable between individuals from clade C and D; rather, some individuals from the same locality had different FNs. However, considering that clade C historically was separated from clade D (Merriam 1901 ) based on a more massive skull, with stronger zygomata, more defined superciliary ridges, and heavier molars; unique hantaviruses correspond to the 2 groups (Chu et al. 2008; Milazzo et al. 2006) ; the 2 groups are separated by numerous mountain ranges (Sierra Madre Occidental, Sierra Madre Oriental, Sierra Madre de Chiapas, and Meseta Central de Chiapas) that serve as geographic barriers to gene flow; and sequence data and allozyme data show similar separation between the 2 clades, it appears that members of clades C and D may represent unique entities. Additionally, the lack of karyological differences does not preclude the presence of 2 species because also no consistent karyological difference is found between couesi and palustris (Benson and Gehlbach 1979; Bradley and Ensink 1987; Burton et al. 1987; Gardner and Patton 1976; Haiduk et al. 1979; Hsu and Benirschke 1969; Schmidt and Engstrom 1994) , which suggests a conserved karyology (2n 5 56, FN 5 56-60) for the genus. The type locality for O. couesi (Alston 1876 ) is Coban, Guatemala, which was represented by specimens included in clade D. If clade C is recognized as a species, the appropriate name would be O. mexicanus (Allen 1897), the type locality for which is Tonila, Jalisco, Mexico, and geographically corresponds to samples in clade C.
All of the phylogenetic analyses as well as Cytb genetic distances (6.58% and 7.14% respectively) indicate that clade E might represent a species distinct from O. couesi and O. mexicanus. However, assignment of specimens comprising clade E is unclear because there are 2 junior synonyms of O. couesi in Panama that could correspond to this clade. Goldman (1912) described O. gatunensis from the Canal Zone, Panama, and Bole (1937) described O. azuerensis from Paracoté, Panama. Samples examined herein are from near the type locality of O. azuerensis. However, given the close proximity of the type locality for O. gatunensis (150 km to the northeast), and because of unavailability of specimens representing gatunensis (which has priority over azuerensis), it is premature to assign specimens to either gatunensis or azuerensis. Also, azuerensis and gatunensis could be separate species; consequently, until specimens of gatunensis can be examined, it is best to refer specimens conservatively from clade E to Oryzomys species 1.
Clade F contained 2 samples from Costa Rica that formed a well-supported monophyletic clade separate from other samples of O. couesi. DNA sequences from the Cytb gene imply that the 2 specimens from Costa Rica are as distinct from the remainder of O. couesi (11.93%) as O. couesi is from O. palustris (11.30%). This also was depicted in the BEST analysis where individuals from clade F were not affiliated with either the other members of the couesi grouping (clade II) or the members of the palustris group (clade I). Two names are available for taxa from this region (O. dimidiatus and O. couesi richmondii), but neither could be examined in this study. The type localities for O. dimidiatus and O. couesi richmondii are approximately 160 km north of the locality from which specimens examined herein were collected, and it is not unreasonable to expect O. dimidiatus or O. c. richmondii to have a distribution that includes the specimens examined herein. However, morphological comparisons of specimens examined with a specimen of O. dimidiatus imply that 2 distinct taxa are represented. Further investigations are needed to resolve the morphology and genetic relationships of the Costa Rican specimens (clade F), O. c. richmondi and O. dimidiatus. Until samples of O. dimidiatus and O. c. richmondii can be examined, insufficient data are available to determine the most appropriate name for the specimens in clade F; consequently, it is referred to as Oryzomys species 2.
Examination of genetic relationships among taxa currently assigned to O. palustris and O. couesi suggest the presence of multiple taxa (Figs. 1 and 5 ). Geographic differentiation, genetic divergence, and cranial differences between eastern and western forms of palustris and eastern, western, and southern forms of couesi correspond to historically named taxa (Bole 1937; Goldman 1918; Merriam 1901) . It is tentatively suggested that these differences collectively may represent an additional 4 species; if this assumption is correct the palustris complex would include 6 species in total.
The taxonomic history of this group is complex, and a number of approaches will be required to resolve it. A morphological approach to differences between O. texensis and O. palustris, and between O. couesi, O. mexicanus, Oryzomys species 1, and Oryzomys species 2, is necessary. Although these species appear to be difficult to distinguish morphologically, the molecular framework provided herein can allow for a more detailed morphological investigation. Additionally, increased sampling, for both molecular and morphological work, is needed throughout Alabama and Mississippi, central Mexico, Costa Rica, and Panama to better understand the species boundaries. Especially important will be molecular data from the type localities of O. m. regillus, O. m. crinitus, O. m. lambi, O. m. bulleri, and O. m. albiventer, which are required to explore hypotheses presented by Carleton and Arroyo-Cabrales (2009) . Samples from the type localities of O. gatunensis and O. dimidiatus and O. c. richardsoni and O. c. richmondii are necessary for determining the most appropriate names for Oryzomys species 1 and Oryzomys species 2. Furthermore, examinations of populations from all 6 species using faster-evolving genes or markers (i.e., control region or microsatellites) are necessary to test the validity of named phylogroups (subspecies) and the biogeographic boundaries of these groups. Finally, recent specimens, with associated tissues, from the more obscure taxa (O. penninsulae, O. nelsoni, and O. gorgasi) would be valuable additions to understanding the evolution and biogeography of this group and the genus as a whole.
RESUMEN

Secuencias nucleotídicas de 94 individuos del complejo
Oryzomys palustris (O. palustris y O. couesi) fueron examinadas para determinar la variación genética y los límites taxonómicos. Se obtuvieron 1,143 pb del gen mitocondrial citocromo-b, 580 pb del segundo intron del gen nuclear que codifica para la proteina alcohol deshidrogenasa, y 1,266 pb del primer exón del gen nuclear que codifica para la proteína de unión del interfotoreceptor retinal. Los datos obtenidos fueron analizados usando los métodos filogenéticos (máxima parsimonia e inferencia Bayesiana). En el análisis de citocromo-b, los individuos reconocidos como O. palustris y O. couesi formaron clados recíprocamente monofiléticos, apoyando su reconocimiento como especies; sin embargo, se encontraron filogrupos filogenéticamente informativos dentro de cada clado nominal. Los niveles de divergencia genética dentro de los taxa reconocidos excedieron a los valores que normalmente se encuentran asociados con variación intraespecífica. En conjunto, la divergencia filogenetica y genetica en nuestros datos sugiere el reconocimiento de 4 especies adicionales dentro de este complejo.
